Objectives: This study aimed to investigate the energy expenditure of common office-based tasks. The objectives were to: (a) test the classification of tasks as sedentary or light-intensity physical activity and (b) compare the energy expenditure of tasks under two postural conditions (sitting and standing).
IntroductIon
Sedentary behavior, which is pervasive in contemporary society, was first highlighted as a risk factor to health in the 1950s with the landmark study on London bus workers (Morris, Heady, Raffle, Roberts, & Parks, 1953) . Once thought to be the inverse of physical activity, sedentary behavior is now considered to be a distinct paradigm that affects health independent of physical activity (Chastin, Mandrichenko, Helbostadt, & Skelton, 2014; Hamilton, Hamilton, & Zderic, 2007; Owen, Leslie, Salmon, & Fotheringham, 2000) and is associated with adverse health outcomes, such as obesity, cardiovascular disease, type 2 diabetes mellitus, osteoporosis, some cancers, and all-cause mortality (Biswas et al., 2015; Grontved & Hu, 2011; Proper, Singh, Van Mechelen, & Chinapaw, 2011; Schmid & Leitzmann, 2014; Van Uffelen et al., 2010; Wilmot et al., 2012) .
Office workers have been identified as an occupational group that are sedentary for most of the working day (Mummery, Schofield, Steele, Eakin, & Brown, 2005; Thorp et al. 2012) , and therefore the work/office environment has been proposed as a suitable venue for public health initiatives to combat sedentary behavior (Conn, Hafdahl, Cooper, Brown, & Lusk, 2009; ). Current public health advice to reduce total sedentary time (Garber et al., 2011) by replacing it with low-intensity non-exercise physical activity is intended to decrease the deleterious effects of work-related sedentary behavior. The beneficial effects of standing on cardio-metabolic risk biomarkers (Healy, Winkler, Owen, Anuradha, & Dunstan, 2015) and glucose concentration (Thorp, Kingwell, Sethi, et al., 2014) have been reported, and an association between selfreported occupational sitting time and obesity in men has been found (Mummery et al., 2005) . Additionally, it has been shown that using a sitstand workstation has beneficial effects on the musculoskeletal system (Husemann, Von Mach, Borsotto, Zepf, & Scharnbacher, 2009; .
In occupational research, the effect of workplace interventions to reduce sedentariness on cognitive function or worker performance is also a focal issue. Two recent studies of call center workers concluded that standing at work increased productivity (Garrett et al., 2016) or did not result in a loss of productivity (Chau et al., 2016) . In agreement with the latter study, a systematic review of workplace interventions demonstrated that there were no negative effects on self-reported work performance due to the use of sit-stand workstations (Commissaris et al., 2016) . Similarly, a laboratory-based study of university employees concurred that cognitive function was not compromised when tasks were performed sitting, standing, or while walking (Ohlinger, Horn, Berg, & Cox, 2011) .
Strategies to reduce the sedentariness of office workers include the use of alternative types of office furniture, such as treadmill, pedal desks, exercise ball, and sit-stand workstations. However, the data supporting such strategies are limited (Tudor-Locke, Schuna, Frensham, & Proenca, 2014) , and the utilization of sit-stand desks provided for employees to decrease sitting time cannot be substantiated due to insufficient evidence (Shrestha et al., 2016) . Although there is moderate evidence for a positive effect of sitstand workstations on sedentary behavior (Commissaris et al., 2016) and there are emerging benefits of occupational standing and movement (Bailey & Locke, 2015) compared to sitting, the current evidence is inconclusive on whether or not an increase in standing at work has a significant effect on obesity (Buckley et al., 2015) . The energy expended while doing clerical work (word processing) has been reported to be significantly greater in standing compared to sitting (Beers, Roenmich, Epstein, & Horvath, 2008) , while others reported that there was no significant difference in the energy expenditure for computer work carried out in the two postures (Speck & Schmitz, 2011) . Mansoubi and colleagues (2015) , who investigated the energy expenditure of different tasks and activities, also included some work-related tasks (typing) in their study but did not compare the same tasks in standing and sitting.
The definition of sedentary behavior is the cornerstone of health research in sedentary occupations and has two component parts-energy expenditure and posture (Owen, Healy, Matthews, & Dunstan, 2010; Pate, O'Neill, & Lobelo, 2008; Tremblay, Colley, Saunders, Healy, & Owen, 2010) . Sedentary behavior has been defined as any waking behavior characterized by an energy expenditure ≤1.5 METs while in a sitting or reclining posture (Sedentary Behaviour Research Network, 2012) . The MET values assigned to various activities have been developed over many years and are widely accepted (Ainsworth et al., 1993 (Ainsworth et al., , 2011 . Despite the growing body of literature on sedentary behavior, few studies to date have investigated the utility of the 1.5 METs cutoff point for sedentary behavior in the workplace. Office work typically includes a range of tasks, yet a comparison of the energy expenditure of a number of identical office-based tasks in sitting and standing has not been explored. The current study therefore aimed to test the utility of the current Sedentary Behaviour Research Network (SBRN) definition of sedentary behavior using a novel approach whereby the energy expenditure of identical tasks was measured in sitting and standing. The objectives were to (a) test the classification of the tasks as sedentary or light-intensity physical activity, namely, whether sitting tasks were ≤1.5 METs (in keeping with the definition of sedentary behavior) and that the standing tasks were >1.5 METs, and (b) compare the energy expenditure of common office-based tasks in sitting and in standing.
Method Participants
Sample size calculations were conducted using G*power software version 3.1.9.2 (Faul, Erdfelder, Lang, & Buchner, 2007) . An a priori power calculation revealed that with alpha = 0.05, an effect size of 0.25, and a power of 0.95, 22 participants were needed for this study. The effect size was calculated based on an estimated effect variance of 0.40 and an estimated error variance of 0.36, which resulted in a medium sized partial eta squared of 0.5 (Kirk, 1996) . This sample size is comparable to previous similar studies (Beers et al., 2008; Reiff, Marlatt, & Dengel, 2012) . Participants were recruited through postings on notice boards in the university. Participants were required to be aged between 18 and 65 years of age, provide written informed consent, and be available for testing. Those with a history of metabolic disease or any other disease affecting metabolic rate were excluded, as were those with musculoskeletal injury affecting their ability to sit or stand, cognitive impairments, chronic infectious disease, and active infections. Inclusion and exclusion criteria were chosen to reduce variation in the cohort and ensure results obtained were not affected by medical conditions. Ethical approval was granted by the Adelaide and Meath Hospital/Saint James's Hospital Joint Research Ethics Committee. Written informed consent was obtained from all participants prior to any measurements being taken, and the study was conducted in accordance with the Declaration of Helsinki.
Procedure
The study was conducted in the Exercise Laboratory of the Discipline of Physiotherapy, Trinity College Dublin. Participants were asked to abstain from caffeine and moderate to vigorous exercise for 12 hours prior to testing and fast for 4 hours prior to testing to avoid the effects of increased metabolic rate on measurements taken. When participants arrived at the laboratory, there was a familiarization period where the protocol and equipment to be used were explained to the participant and they had an opportunity to ask questions. Height and weight were measured in light clothing with shoes removed using a calibrated stadiometer (Seca model 213) and scales (Tanita HD 352), respectively.
Energy expenditure during eight tasks (four in a seated posture and the same four in a standing posture) was measured using the Cosmed K4b 2 portable indirect calorimeter (Cosmed, Italy). Previous studies have shown the K4b 2 to be reliable (Duffield, Dawson, Pinnington, & Wong, 2004) and valid (Welch, Strath, & Swartz, 2015) in the measurement of energy expenditure. Furthermore, the telemetry function of this device enabled participants to move freely at the workstation during testing as there were no cables attaching the monitor to a fixed point. As measurements took place in a laboratory, encouraging natural movement was important for this study to increase ecological validity and simulate real life. During testing, thermal comfort was achieved for all participants. The temperature was 26°C to 28°C, humidity was approximately 48%, and barometric pressure was 754 mmHg. The K4b 2 was calibrated before testing for each participant.
experimental Protocol
To begin testing, participants were fitted with a heart rate monitor and the Cosmed K4b 2 . Participants were then asked to lie supine for 15 minutes. Resting for 15 minutes gave participants time to become comfortable wearing the Cosmed K4b 2 before measurements of the tasks of interest were undertaken. The subsequent tasks represented common office-based activities. Each were performed in a sitting and standing posture. Task order was randomized using a random number generator. Each task was performed for 5 minutes with a 1-minute break in between tasks. A minute break was given between tasks to remind the participant which task was next, prepare any necessary equipment, and assume the correct position for the next task. The tasks were as follows: sitting quietly (no activity), sitting and reading, sitting and typing, sitting and sorting paper, standing quietly (no activity), standing and reading, standing and typing, and standing sorting paper. Tasks were carefully standardized between participants; for example, all participants read the same printed material, typed the same material, and sorted the same array of papers in the same way.
Statistical Analysis
All data were analyzed using SPSS Statistics version 22.0. MET values were calculated using the standardized formula for adults of METs = VO 2 of task in mL/min/kg divided by 3.5 (Morris et al., 1993) . Kilocalories expended per day were calculated using the system software of the Cosmed K4b 2 . Statistical significance was set at p < .05. Data were checked for normality using the Shapiro-Wilk Test. Mean and standard deviations were calculated for baseline data and energy cost of each activity in METs. The first and last minutes of each task were discarded in the calculation of the mean energy cost for each task. Graphical analysis of means with confidence intervals were used to enable comparison between METs expended during tasks with the cutoff criteria for sedentary behavior of 1.5 METs. The difference in energy cost of the same tasks in standing compared to sitting postures was analyzed using paired t tests. The overall difference between posture and tasks were analyzed using a 2 × 4 (posture [sitting, standing] × task [no activity, reading, typing, sorting paper]) repeated measures analysis of variance (ANOVA). In the event of a significant effect, Bonferroni tests were used for post hoc pairwise comparisons.
reSultS
A total of 22 participants volunteered to take part in this study (16 female, 6 males). All data were normally distributed. Descriptive data for participants are detailed in Table  1 . Figure 1 shows the mean and 95% CI for all tasks, including a reference line at 1.5 METs for ease of comparison with the recognized energy expenditure cutoff point for sedentary behavior. As illustrated by this graph, only one activity (standing and sorting paper) reached an energy expenditure that was not significantly lower than 1.5 METs. Table 2 details the mean (SD) for each task in METs and the difference between matched tasks conducted in a seated versus a standing posture.
Paired t tests revealed no significant difference between the energy cost of conducting the same task in sitting compared to standing (Table  2 ). To gain further information on the energy cost of the activities, a two-way repeated measures ANOVA tested whether posture (sitting or standing) or task had a significant effect on METs expended. Results revealed a significant difference between tasks, F(3, 63) = 49.70, p < .001, n 2 = 0.703, and posture, F(1, 21) = 5.43, p = .030, n 2 = .206, but no significant interaction between task and posture, F(3, 63) = 0.782, p = .509, n 2 = 0.036. Post hoc tests revealed that overall standing resulted in a significantly greater energy expenditure than sitting, 95% CI [0.004, 0.077]. Sorting paper resulted in a significantly greater energy expenditure than any other task (p < .001). The energy cost of typing was significantly greater than both reading and no activity (sitting/standing quietly) yet significantly less than that of sorting paper (p < .05). There was no significant difference between reading and no activity.
dIScuSSIon
This study explored the current definition of sedentary behavior by measuring the energy expenditure of office-based tasks in both sitting and standing. A previous study also investigated the definition of sedentary behavior using indirect calorimetry (Mansoubi et al., 2015) but included tasks performed in sitting (watching television, typing, playing PlayStation Portable and Wii) that were different from the standing tasks (standing quietly and treadmill walking at varying speeds). Two further studies compared the energy required to do a single task (computer work) while sitting and standing (Beers et al., 2008; Speck & Schmitz, 2011) . The novel approach in the current study was that a number of identical tasks (no activity, reading, typing, sorting paper) were carried out in both sitting and standing postures to allow for direct comparison.
The mean age of the participants was 27.1(±7.72) years, which may make the findings most applicable to younger adults rather than across the life span. However, this is a worthwhile demographic to have sampled as during their 20s and 30s, people are typically starting office-based working careers, working long hours, and forming habitual office behaviors. These habitual office-based behaviors could be carried on for the rest of their working lives.
A main finding of this study was that the mean energy expenditures for all tasks carried out in sitting were below 1.5 METs. All the sitting tasks therefore complied with the classification and definition of sedentary behavior. This is in agreement with others (Newton, Han, Zderic, & Hamilton, 2013; Speck & Schmitz, 2011) who also found that sitting-based behaviors (watching television, reading, typing) had a MET value of less than 1.5 METs. Mansoubi et al. (2015) reported that all of the seated tasks they examined, except playing the Wii, were on average less than 1.5 METs. Playing the Wii while seated expended on average 2.06 METs. In keeping with their findings, it was expected in the current study that the task of sorting paper would exceed the cutoff point for sedentary behavior, but in reality, the mean MET value of the task in sitting was 1.37. The benefits of accumulating non-exercise activity, especially among sedentary populations, have been raised (Hamilton et al., 2007; Levine, Schleusner, & Jensen, 2000) , and therefore the identification of tasks and activities that contribute to this is of importance and warrants further investigation.
An unexpected finding was that the mean energy expenditure during all of the standing tasks was less than 1.5 METs. The average MET value of 1.3 attributed to standing quietly in the Compendium of Physical Activities (Ainsworth et al., 2011) is based on 21 studies. Five of these used indirect calorimetry to measure the energy cost of standing in a population comparable to the current study (Crouter, Clowers, & Bassett, 2006; Kanade, Gokhale, & Rao, 2001; Kuriyan, Easwaran, & Kurpad, 2006; Lanningham-Foster et al., 2009; Levine et al., 2000) . Of the five studies, all reported the energy cost of standing quietly to be below 1.5 METs, and all except one (Kanade et al., 2001) found the energy cost to be below 1.3 METs. A recent study on the energy cost of sitting and standing also reported low MET values for standing: 0.90 ± 0.18 for men and 0.87 ± 0.11 for the women (Júdice, Hamilton, Sardinha, Zderic, & Silva, 2016) . Not all studies to date consistently report standing quietly to be less than 1.5 METs. Mansoubi et al. (2015) found that standing quietly/still expended 1.6 METs. Nonetheless, from the findings of our study and the limited number of studies using calorimetry to quantify the energy cost of standing, it can be deduced that the average energy cost of standing quietly is likely to be lower than the 1.5 MET cutoff point for sedentary behavior. Furthermore, it appears that there is a large range of mean values varying from 0.9 to 1.6 METs. Given the similarities of the participants across the studies and the use of objective, valid, and reliable measures to quantify the energy cost of sitting and standing, the relatively broad range may be explained by the individual variability that is known to exist (Levine et al., 2005) .
The only task in the current study that was not statistically significantly lower than the 1.5 METs cutoff point was standing and sorting paper. There is no known study with which direct comparison of this finding could be made, but Levine et al. (2000) allocated a value of 1.8 METs to the activity of standing, fidgeting. A key issue that arises is that the majority of officebased standing tasks satisfied the energy component of the definition of sedentary behavior, with energy expenditure being less than 1.5 METs, the threshold value that distinguishes sedentary behavior from light-intensity physical activity. Although this leads us to question whether officebased activities at a sit-stand workstation should be considered a sedentary behavior, the findings should also be interpreted in the context of the real world. Similar to others (Júdice et al., 2016; Mansoubi et al., 2015) , the current study was carried out in a laboratory. Using portable equip-ment, accurate measurements of simulated work activities were ensured in the laboratory setting, but the worker behavior associated with the use of a sit-stand workstation in an office may be different. An office-based study using activity monitors observed that stepping time as well as standing was significantly greater in the intervention group (adjustable sit-stand workstation) than the comparison group (nonadjustable sitting workstation) after one week (Alkhajah et al., 2012) . However, the positive behavioral response to the novel office equipment was not maintained for stepping time at the 3-month follow up.
The current MET value assigned to standing, reading in the 2011 Compendium of Physical Activities is not based on objective data but is estimated at 1.8 METs (Ainsworth et al., 2011) . However, the findings of this study would suggest that the energy cost of the activity has been overestimated. The Compendium is a live document, and therefore the objective high-quality data reported in this paper can contribute to the expected MET values cited for standing, reading and other seated and standing tasks in the next published update of the Compendium.
The findings of this study suggest that the difference in energy expenditure between identical sitting and standing tasks can be negligible. There was no significant difference between the energy costs of doing the same task in sitting compared to standing. This is in agreement with Speck and Schmitz (2011) , who also found no significant difference for the measured computer activity while sitting and standing. In contrast, Beers et al. (2008) reported a significant difference; however, they did not provide the MET values. Additionally, Beers et al. presented the results graphically, so direct comparisons could not be made. Healy et al. (2015) noted that the potential benefits from breaking up sedentary time are dependent on the activities that replace the sedentary time. They concluded that substituting standing for sitting was effective in reducing some risks of cardiovascular disease but was not sufficient to affect indicators of adiposity. In keeping with Healy et al., the evidence from the current study would support the finding that simply replacing sitting with standing does not have a clinically significant effect on energy expenditure and therefore adiposity/body weight. The manner in which sedentary behavior is accumulated is important. Periods of prolonged sedentary behavior are detrimental to health (Buckley et al., 2015; Healy et al., 2008; Robertson, Ciriello, & Garabet, 2013; Swartz, Squires, & Strath, 2011) , and breaking up sedentary time is the accepted public health advice for the prevention of work-related ill health. There has been an increased demand for sit-stand desks in recent years, in accordance with the advice and growing interest in changing sedentary office working environments (Buckley et al., 2015; Robertson et al., 2013; Swartz et al., 2011) . However, the optimum utility of sit-stand workstations has yet to be explored. Beers et al. (2008) concluded that standing had the advantage over sitting for promoting physical activity; however, the participants in their laboratory-based study reported that standing was less comfortable and more tiring than sitting on an office chair. A recent Cochrane review examined the value of workplace interventions in the reduction of workrelated sitting time (Shrestha et al., 2016) . The review included an evaluation of the use of sitstand workstations and concluded that the quality of evidence that the use of sit-stand desks reduces workplace sitting time was very low.
It has been demonstrated in the current study that the difference in energy expenditure was minimal when tasks were performed sitting compared to standing. It has been suggested that meaningful increases in energy expenditure could be accrued through the actual transfer from sitting to standing and vice versa (Júdice et al., 2016) . Therefore, the transition from one posture to another may be the all important component. That is, standing is of no particular benefit, but the change in posture has the greatest effect on energy expenditure. Therefore, more frequent breaks or changes in posture should be recommended rather than simply recommending periods of standing over sitting. Alkhajah et al. (2012) noted that the number of sit-stand transitions was greater in those at a sitstand workstation compared to those at a seated workstation, even though postural change was not a variable under investigation. Good standing posture is favorable as it causes minimal stress or strain on the body and provides an optimum position for the function of the thoracic and abdominal organs (Galley & Forster, 1987) . Although considered to be an optimum posture, prolonged standing at work is not advocated due to the potential of acquiring musculoskeletal problems (Andersen, Haahr, & Frost, 2007) . Walking while working is also favorable and can be performed without compromising cognitive function (Ohlinger et al., 2011) . Guidelines have been developed to promote the avoidance of sustained periods of sedentary behavior in the workplace (Buckley et al., 2015) , and a system-based approach to sedentary behavior has been proposed (Chastin et al., 2016) . These guidelines and proposals are welcomed editions to educating the workforce on the deleterious effects of sedentary behavior and also highlighting the direction of further research in this area to determine what causes the health benefits associated with breaking up sedentary time and provide evidence-based guidance for the optimum use of sit-stand workstations.
This study found that the task conducted had a greater effect on energy expended than the posture it was conducted in. This finding would suggest that to increase the energy cost of office-based activities, they should be more dynamic rather than simply being conducted in a different posture. In terms of increasing energy expenditure, a series of upper limb or lower limb movements could have a beneficial effect (Levine et al., 2000) . Alternatively, sedentary time should be broken up with periods of more dynamic activity. Since tasks in the current study were chosen to represent typical office activities and were not considered to be particularly demanding, it is surprising that they had a greater effect on overall energy cost than posture.
Strengths and limitations
The use of portable indirect calorimetry equipment to measure energy expenditure, which was the main dependent variable, was a primary strength of this study. Accurate values of energy expenditure were recorded with limited interference to the participants while they conducted the various tasks. In this way, direct comparisons could be made for the independent variables of interest. Additionally, the findings of this study could provide novel data for the next Compendium of Physical Activities.
MET values for tasks were calculated using the system software of the indirect calorimeter (by dividing VO 2 by 3.5) and were not calculated from individual's resting metabolic rate (RMR). It was not an objective of the current study to measure RMR; furthermore, to adhere to the gold standard methods of measuring RMR, a different indirect calorimeter that is compatible with a hood would have been needed. The tasks measured in the current study could not be performed using a hood, therefore two methods of data collection would have been needed to calculate one value, which is not ideal. Although it has been argued that the value of 3.5 ml O 2 .kg -1 .min -1 is an overestimation of 1 MET (Byrne, Hills, Hunter, Weinsier, & Schutz, 2005) , the method used here to calculate METs is widely accepted and has been used in similar studies (Júdice et al., 2016; Mansoubi et al., 2015) .
Given the limited range of BMI within the sample participants, the effects of BMI could not be explored, and the sample is not representative of the general population. A further limitation of the study was that movement or stepping that can occur in the real-world setting were not included as test conditions. However, the overall aim of the study was to explore energy expenditure of sitting and standing at a workstation, as it has previously been established that moving around would increase energy expenditure (Swartz et al., 2011) .
concluSIon
The current study explored the SBRN definition of sedentary behavior using indirect calorimetry to measure energy expenditure. The study showed that occupational sitting tasks had a MET value of less than 1.5 METs. Standing tasks were also less than 1.5 METs, that is, below the current energy expenditure threshold for classification as sedentary behavior. The task that was undertaken had a greater influence on the energy expenditure than the posture of the person. This study adds to the body of knowledge of how to define sedentary behavior and presented a novel comparison of occupational tasks while sitting and standing. Furthermore, the study presented objective data for an activity (standing, reading) that had previously been assigned an estimated value in the Compendium of Physical Activities. The study also confirms that standing as opposed to sitting does not produce a clinically important increase in energy expenditure in a laboratory setting over short periods of time. Further research to clarify the definition and understanding of sedentary behavior in the workplace is warranted to better inform future workplace sedentary behavior guidelines and preventive strategies.
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key PoIntS
• The mean energy expenditure for office tasks while sitting and standing was <1.5 METs. • The energy cost of individual tasks sitting versus standing were not significantly different. • Task undertaken had a greater influence on energy expenditure than posture. • Substituting standing for sitting is not adequate to produce metabolic health benefits. • Novel objective values for tasks are presented here and can contribute to the next Compendium of Physical Activities.
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